P rimary intracerebral hematoma (ICH) is associated with a high mortality and severe disability. The treatment of choice is still controversial and may be surgical or nonsurgical (conservative). [1] [2] [3] [4] [5] [6] [7] [8] Theoretically, clot removal is beneficial because it reduces hematoma volume 9 -11 and may therefore also lower intracranial pressure, 12 reduce the chance of edema formation, and improve perfusion in the affected hemisphere. [13] [14] [15] [16] The effect on perifocal ischemia resulting from hypoperfusion is unclear, as such an ischemia itself is refuted by a recent publication. 17 Secondary enlargement of the hematoma 18 -20 and neurotoxic edema due to high levels of thrombin and blood degradation products [21] [22] [23] also may be reduced by clot removal. However, a classical open craniotomy may further traumatize brain tissue, and there is no unequivocal evidence that it reduces mortality. 24 Minimally invasive surgery (MIS) combines benefits of surgical clot removal with limited tissue damage and shorter surgery duration with the possibility of using local anesthesia. Ultrasound-guided endoscopic clot removal, tested in a clinical randomized trial by Auer et al, 25 suggested improved outcome after MIS.
An even less invasive MIS technique is the use of plasminogen activator aimed at clot lysis. Recently a number of case studies and four small trials 26 -29 suggested improved survival with this approach. Zuccarello et al 26 treated four patients with MIS, all with good effect (0% mortality, all with good recovery at 3 months). Miller et al 27 reported on four patients who had deep hematomas with favorable results (mean Glasgow Coma Scale [GCS] score rise of 6 points with a clot volume reduction of 72.7% at 48 hours). Montes et al 28 treated 12 patients (25% mortality and 25% good recovery at 6 months), and Rohde et al 29 observed an ICH volume reduction from 52 to 17 mL within 2 days in 24 of 27 patients. To test the hypothesis that stereotactic treatment of ICH by means of a plasminogen activator (SICHPA) improves survival and functional outcome, the present study was carried out as a randomized multicenter trial.
Patients and Methods

Patient Selection
Between March 1996 and May 1999, patients with a primary supratentorial intracerebral hematoma, including those on anticoagulants, were enrolled in the trial. Inclusion criteria were based on a Dutch study on prognosis in ICH. 30 The criteria were designed to select a relatively uniform group with an expected mortality of 88% (when applied to the study population of Franke et al 30 ) to maximize the chance of detecting a treatment effect. Before enrollment all patients had CT scanning for ICH localization and volume estimation. Patients had to be 45 years of age or older and have an ICH volume exceeding 10 mL and a Glasgow Eye Motor score between 2 and 10 (the verbal score was left out as it is unrevealing in dominant hemisphere lesions), at least one pupil reactive to light, and a normal coagulative status (corrected if necessary). Furthermore, surgery within 72 hours after ICH onset had to be possible. The study was approved in advance by the institutional review committees of all participating centers. Before inclusion, written informed consent had to be obtained from the patient or closest kin. Most participating centers referred the ICH patient directly to a neurosurgical unit where the attending neurosurgeon handled the inclusion procedure. Otherwise, the attending neurologist consulted the neurosurgeon on eligibility for potential drainage. An independent external agency was contacted by phone for verification of inclusion criteria and treatment allocation. Patient data were forwarded to the trial office by fax. Eight separate treatment random allocation lists were used on the basis of prestratification on GCS (Ͻ9Ն10). In each list, block sizes of two and four in random order were used.
Data Collection
At predesigned intervals during 180 days of follow-up, attending physicians and nursing staff filled out Clinical Record Forms (Table  1) . These were then sent to the trial office, where the data were entered into a database. On admission, the following baseline patient characteristics were recorded: history of "stroke" (a history of transient ischemic attack and/or stroke), history of hypertension, diabetes, 31 "cardiologic history" (ischemic heart disease, heart failure, or cardiac arrhythmias), and history of "hemorrhagic diathesis" (easy bruising, frequent nosebleeds, epistaxis, etc 32 ). Use of anticoagulants (aspirin, warfarins, and heparin 33 ) on admission was recorded. Laboratory tests were performed to ascertain "abnormal hemostatic parameters" (low platelet count [Ͻ50ϫ10 9 /L] and/or activated partial thromboblastin time Ͼ50 seconds and/or partial thromboblastin time Ͼ11 seconds). Also GCS, pupil size, and reactivity and blood pressure were recorded. The ICH volume was estimated using a validated practical rule (ABC/2, where Aϭbiggest diameter, Bϭdiameter at 90 degrees from A, and Cϭnumber of slicesϫslice thickness; the presence of intraventricular hemorrhage [IVH] was not included in the equation 34 ). This method was checked by comparing its results with results from seven scans, the volumes of which were calculated on the CT scanner itself. The ABC/2 measurements were done twice for all of the CT scans by the same individual.
To measure stroke severity the GCS and the Scandinavian Stroke Scale (SSS, a neurological impairment scale, also known as the Stroke Severity Scale) were used. Functional outcome was measured using the Barthel Index (a disability score) and the modified Rankin scale (mRS, also known as the Oxford handicap scale). 35 Data on various modalities of supportive medical care were recorded 36 (use of drugs, including antihypertension and antiarrhythmic drugs, inotropics, steroids, antibiotics, heparins, antiepileptic drugs, barbiturates, and hyperosmolar solutions, as well as mechanical ventilation, mild hyperventilation, ventricular drainage, and intracranial pressure measurement), as were complications such as convulsions, infections, etc. Death, rebleeding, and violations of the trial protocol were also recorded and immediately reported to the investigators and monitoring committee, which consisted of an epidemiologist, a neurologist, and a neurosurgeon. Date and cause of death were registered.
Adherence to the trial protocol was evaluated by regular visits of the trial coordinators to the participating centers. During these visits the Case Record Forms (including imaging) of all included patients were checked against the patient files for completeness and accuracy. At regular intervals the monitoring committee verified all Case Record Forms (for a copy of the Case Record Form, please contact the first author).
Intervention
Patients in the surgical group were transported by ambulance to one of the four participating neurosurgical centers: University Neurosurgical Center Limburg (UNCL), Amsterdam Medical Center, University Hospital Rotterdam (UHR), and University Hospital Utrecht (UHU). A catheter (PS Medical; 35 cm 1.5/2.8 mm inner/outer diameter) was stereotactically placed in the center of the hematoma; as much blood as possible was aspirated, and 5000 IU urokinase was injected, after which the drain was sealed. 37 Internationally between 5000 and 10 000 IU are used in these procedures; 5000 IU was chosen to be "on the safe side." After 6 hours the catheter was unsealed and with gentle suction as much as possible (until a light resistance was felt) of the liquefied hematoma was aspirated. Then, 5000 IU of urokinase dissolved in 1 mL NaCl 0.9% was injected via the catheter, which was subsequently flushed with 1 mL NaCl 0.9%, after which it was clamped. After every procedure the aspirated volume was recorded. This evacuation and urokinase injection procedure was performed eight times at 6-hour intervals over a period of 48 hours, before the catheter was removed. ⑀-Aminocaproic acid was allowed to be administered (0.1 mg/10 mL hematoma) in case of rebleeding (this was never actually done). Intracranial pressure measurement was not a standard procedure in our protocol.
Patients in the nonsurgical group received standard supportive medical care in the neurological center where they had been initially admitted. Most patients were returned to their referring clinic some time after surgery.
Outcome Measures and Statistical Analysis
The number of patients needed in each trial arm was estimated at 75 (␣ϭ0.05 and ␤ϭ0.10), assuming a mortality reduction at 6 months from 88% 30 in the conservative group to 53% in the surgical group. Although the analysis was performed on the basis of the "intentionto-treat" principle, an additional protocol analysis was carried out to test for discrepancies. Statistical significance is expressed as PϽ0.05 and was always measured two-tailed. The primary end point was death at 6 months. As secondary end points ICH volume reduction 
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and overall outcome measured by the mRS were chosen. Differences between both groups in treatment modalities, complications, and ICH volumes on days 1, 3, and 7 were compared with a Mann Whitney U test. Because the trial protocol allowed for treatment up to 72 hours after the stroke, we also checked for imbalances between treatment groups in timing of randomization, surgery, and CT scanning. Functional outcome in mRS scores from 0 to 5 plus death 6 at day 180 after stroke were compared using a Mann-Whitney U test. Survival was examined with Kaplan-Meier curves and Cox regression analysis (with the same variables entered as in the binary logistic analysis). The effect of stereotactic aspiration on mortality and mortality combined with mRS score 5 at 180 days was analyzed using binary logistic regression analysis to account for imbalance in prognostic variables. 38 The regression analysis omitted seven patients with missing data, therefore decreasing the number of patients in this analysis to 63 of 70. All variables were entered dichotomized according to their median values. The protocolized binary logistic regression model 39 included, besides the effect parameter and the "center of inclusion" variable (a prestratification variable), only variables supposed to have a substantial influence on the outcome parameter (age [Ͼ70 years], right-sided location of ICH, GCS score [Ͻ10 points], ICH volume [Ͼ59 cm 3 ] , abnormal hemostatic parameters, and history of cardiac disease).
Results
After 3 years of patient enrollment, the trial was stopped. Seventy-one patients had been randomized, 36 to the surgical group and 35 to the nonsurgical group. One patient was excluded from the study because of an arteriovenous malformation. There were nine protocol violations, as follows: one patient had been randomized for stereotactic drainage but had craniotomy instead (alive at 180 days); craniotomy was performed in one patient in the nonsurgical group (alive at 180 days); one patient in the surgical group died during preoperative CT scanning; four patients received no stereotactic drainage, two of them as a result of early neurological recovery (one died at the 45th day, and the other survived 180 days), a third because of fast neurological deterioration resulting in death, and the fourth because of suspected amyloid angiopathy (alive at 180 days). One patient died after three drainages (out of a total of nine drainages). One patient received seven drainages before the catheter broke down (alive at 180 days). Retrospectively the intensive care unit (ICU) length of stay was analyzed in the UNCL, which included 48% of the patients. There was a significant difference in the ICU stay in the UNCL between the conservatively treated group (1.8 days, SD 7.1 days) and the surgical group (3.9 days, SD 6.1 days; Pϭ0.007). This difference is due to standard ICU care after the stereotactic cranial surgery. To not only account for differences in ICU care, we compared all patients in both groups for different medical supportive care modalities on the whole. Supportive medical care was similar with the exception that patients in the surgical group on average more often received low molecular weight heparin and mechanical ventilation ( Table 2 ). The latter is likely related to the stereotactic procedure. There were no statistically significant imbalances between the conservatively treated and stereotactically treated groups with regard to mean time to randomization (12.5 and 12.5 hours), time to first CT scan (9.8 and 13.2 hours), time to second CT scan (3.1 and 3.0 days), and time to third CT scan (7.0 and 7.8 days). In one third of the surgical patients (UNCL), the time elapsed from the moment of stroke to actual surgery was retrieved and, with a mean 12 hours (SD 19 hours), this was within protocol limits (72 hours). Table 3 shows the baseline characteristics of the two treatment groups. Patients in the surgical group more often had a history of cardiovascular disease. They also had worse neurological scores on admission as reflected in the GCS and SSS scores. On average, the ICH volume was smaller in the nonsurgical group, whereas deep hematomas and presence of intraventricular blood were more frequent in this group.
The ABC/2 method was compared with seven volumes measured by the CT scanner; the mean difference was 3 mL (SD 6 mL), which was considered to be acceptable. A total of 158 ICH volumes were measured twice, and the intraobserver variability expressed as was 0.8.
Protocol analysis showed that the patients in the conservatively treated group had a mean ICH volume of 51.8 mL (SD 32 mL) on day 1, 52.2 mL (SD 28.6 mL) on day 3, and 42.7 mL (SD 24.5 mL) on day 7. Patients in the stereotactically treated group had a mean ICH volume of 65.4 mL (SD 28.1 mL) on day 1, 47.5 mL (SD 30 mL) on day 3, and 44.4 mL (SD 30.7 mL) on day 7. The absolute mean volume reductions for both groups are depicted in Figure 1 . The percentages of ICH volume reduction in the conservatively treated and stereotactic groups were compared with a Mann-Whitney U test. This comparison showed significant differences between days 1 and 3 (Ϫ8% and 18% respectively [Pϭ0.012] and between days 1 and 7 (3% and 10% respectively [Pϭ0.015]). An example of a successful drainage is shown in Figure 2 .
Overall mortality at day 180 after stroke was 57%; this included 20 of 34 patients (59%) in the nonsurgical group and 20 of 36 (56%) in the surgical group. There was one missing value in the analysis of functional outcome (mRS), leaving nϭ69 in the Mann-Whitney U test. There were no significant differences between treatment groups (Pϭ0.7) (Figure 2) . Kaplan-Meier analysis demonstrated similar survival times between the groups (Pϭ0.9, Breslow test). Cox regression failed to demonstrate a statistical difference between the groups (Pϭ0.6) (Figure 3) .
Apart from the effect parameter "stereotactic treatment" and the variable "center of inclusion" (subvariables for each of the four neurosurgical centers), variables that were entered 
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into the binary logistic analysis were the following: age (Ͼ70 years), right-sided location of ICH, GCS score (Ͻ10 points), ICH volume (Ͼ59 cm 3 ), abnormal hemostatic parameters, and history of cardiac disease.
There was a positive effect of the stereotactic treatment in reducing mortality at 180 days with an odds ratio (OR) of 0.23, but this was not statistically significant (95% confidence interval [CI], 0.05 to 1.20; Pϭ0.08) (Figure 4 ). Other factors in the model that had a significant effect were the following: right-sided location of ICH (OR, 0.10; CI, 0.02 to 0.58; Pϭ0.01), GCS score (Ͻ10 points) (OR, 8.24; CI, 1.50 to 45.23; Pϭ0.02), and ICH volume (Ͼ59 cm 3 ) (OR, 9.63; CI, 1.40 to 66.48; Pϭ0.02). Because of its imbalanced distribution between the groups, the variable "lobar ICH" was separately tested with this model eventually left out because it did not contribute to the model fit and had only a slight impact on the effect parameter (OR, 0.84; CI, 0.13 to 5.56; Pϭ0.86). Mortality combined with severe handicap (mRS score 5) at 180 days yielded an OR of 0.52, which was a nonsignificant reduction (CI, 1.2 to 2.3; Pϭ0.38). Other factors in this regression model that turned out to be statistically significant were age (Ͼ70 years) (OR, 4. Comorbidity figures were similar between the surgical and conservative treatment groups ( Table 2 ). The clinical diagnosis of rebleeding was recorded in seven patients in the surgical group and none in the conservatively treated group. To obtain a more uniform and systematic measure for rebleeding, we investigated all patients with hematoma enlargement, coinciding with neurological deterioration. Hematoma enlargement, defined as a Ͼ10% volume increase at any time between CT scanning on days 1, 3, and 7, occurred in 60% (SD, 50%) of nonsurgical and 38% (SD, 50%) of surgical patients (Pϭ0.14). The 10% threshold was chosen also to include patients with slight ICH enlargements. Hematoma enlargement combined with neurological deterioration (defined as a Ͼ10% drop in SSS score at any time between days 1, 3, and 7) or death within the first 7 days occurred in 17% (SD 39%) of nonsurgical and 35% (SD 49%) of surgical patients (Pϭ0.18).
Discussion
Although small, the SICHPA trial is up to now the largest trial on the efficacy of stereotactic treatment of primary intracerebral hematoma with the use of plasminogen activator. Our study showed that stereotactic aspiration can be performed safely and in a relatively uniform manner.
Besides that, stereotactic aspiration leads to an absolute reduction of 18 mL of hematoma volume over 7 days when compared with control, which has a 7-mL reduction. Overall the study resulted in a relative reduction of 34% in the hematoma volume. Mortality in the intervention group de- creased from the predicted 88% to 56% and to 59% in the conservatively treated group. No statistically significant difference in mortality and morbidity at 180 days was found. The complication rate was similar between groups.
The reduction in mortality in the conservative group is difficult to explain. One reason might be a Hawthorne effect. All patients and centers in our study were monitored both by the trial coordinators and the monitoring committee at regular intervals, which might have caused an overall increase in supportive care in the trial. Another possible explanation could be the presence of an aspecific selection bias causing our patients to have a more favorable prognosis compared with those in the Franke et al 30 study.
Compared with spontaneous resolution, stereotactic drainage combined with urokinase-induced clot lysis significantly reduced ICH volume. Our data show that ICH volume reduction, which is assumed to be associated with lower mortality, is practically achievable by this method. However, there may not be a simple relationship between ICH volume reduction, chance at rebleeding, and consequent (functional) outcome; rebleeding more often occurred in the surgical group, and fewer surgical patients had hematoma enlargement, but those who had hematoma enlargement more often had an unfavorable outcome than conservatively treated patients with hematoma enlargement. Post hoc analysis showed a significant association between a 25% or more volume reduction and chances for a more favorable outcome (O.P.M. Teernstra, MD, et al, unpublished data, 2002). As ultra-early surgery leads to a higher rate of rebleeding, timing of surgery could be an important part of its effectiveness 40 ; this factor, however, was not included in our trial design.
The imbalance in prognostically important variables between groups is an unfortunate result of the small number of patients enrolled. The trial was prematurely stopped for the following four reasons. First, patient acquisition had been projected on the basis of an earlier Dutch epidemiological study, but these incidence estimates might have been too optimistic. 41 Secondly, the so-called "gray area of uncertainty" (whether to operate or not 5 ) that was discussed and agreed on in advance with participating neurosurgeons appeared to be much smaller in reality. Thirdly, an intentionto-treat interim analysis showed a slight detrimental effect of the experimental procedure. The probability of achieving a statistically significant difference between groups by including more patients was deemed unlikely. This preplanned interim analysis carried out for safety reasons did not account for an imbalance in prognostic variables between groups. Finally, we were unable to secure sufficient funding to continue the trial.
Recently, Becker et al 42 pointed out that the most important variable predicting poor outcome in ICH patients is the level of provided medical support. Perception of futility of aggressive therapy leads to early withdrawal of medical support, which is less likely in ICH patients who are surgically treated. Mayer and Kossoff reported that, in a neurocritical care service over a 3-year period, among 74 non-brain-dead patients, 32 (43%) were terminally extubated. 43 Although in the present study both groups received the same level of supportive care, in no instance was early withdrawal of supportive care reported to the monitoring committee. Although not formally reported, there might have been a tendency to withdraw supportive care less easily in the intervention group, and therefore it is possible that the study was influenced by this potential bias.
The present trial shows that stereotactic aspiration of ICH using urokinase effectively reduces ICH volume. The method used in our trial, however, was less successful in the magnitude and timing of volume reduction compared with other small trials. Better potential benefits might be achieved by a greater reduction in hematoma volume over a shorter period of time. Because there is no uniform procedure in stereotactic aspiration, a Phase II study should be initiated in which insight should be gained into the optimal dosage and time span for which urokinase should administered. However, it remains unproven whether this leads to a reduction in mortality compared with conservative treatment alone. Additionally, if the Phase II trial indicates favorable results regarding volume reduction, a large-scale Phase III clinical trial should subsequently investigate whether ICH volume reduction definitely improves survival as well as functional outcome. To optimize patient accrual rate in a future trial, inclusion should focus on patients in whom open craniotomy is not preferred by most neurosurgeons, such as those with a deep ICH and lowered consciousness. To avoid heterogeneity of data, uniform standards of care should be defined and apply to all patients in such a trial.
